Objective We aimed to determine the prevalence and risks of late fetal deaths (LFDs) and early neonatal deaths (ENDs) in women with medical and obstetric complications.
Introduction
Despite enormous global progress in child survival since the 2000 Millennium Declaration, only 23 of the 75 'Countdown to 2015' priority countries are on track to meet Millennium Development Goal 4 (MDG4) targets. 1 The last decade has seen a 2.5% annual reduction in child mortality, but only a 2.1% reduction in neonatal mortality. Newborn deaths now account for over 40% of all deaths in children under the age of 5 years. 1,2 An estimated 2.6 million stillbirths occur worldwide every year, of which over 40% are intrapartum related. [3] [4] [5] Stillbirths are likely to be underestimated, because of the lack of vital registration in many countries, the lack of consistent definitions and classification systems, as well as poor reporting as a result of cultural taboos and social stigma. [5] [6] [7] Perinatal survival is intimately linked to effective maternal and newborn care throughout the continuum of pregnancy, labour, and the postpartum period. 8, 9 Stillbirth risk factors include short interpregnancy interval, low socio-economic status, lower education, no antenatal care, history of stillbirth, smoking, alcohol use, multiple pregnancy, obesity, hypertension, diabetes, HIV, fetal growth restriction and post-term pregnancy. [10] [11] [12] In many low-and middle-income countries (LMICs) with high stillbirth rates and inadequate access to diagnostic tools and quality maternal care, these risk factors can go untreated. Preventing antepartum stillbirths requires improved maternal health and antenatal care, 13 whereas intrapartum interventions (such as caesarean section) can reduce the number of intrapartum stillbirths. [13] [14] [15] Approximately 85% of neonatal deaths can be attributed to preterm birth complications, infections, and intrapartum-related causes. 1 The majority of these can be prevented without high-cost interventions like intensive care. 16, 17 A South African study by Pattinson et al. identified suboptimal obstetric care and critical staff shortages as being associated with early neonatal mortality, 8 whereas Lawn et al. 9 identified prevention via antenatal care, skilled birth attendance, and emergency obstetric care as the most effective interventions to reduce intrapartum-related newborn deaths.
The risk of perinatal mortality associated with maternal complications has been well described in high-income countries with the capacity to diagnose and manage obstetric complications. 18, 19 These findings cannot necessarily be extrapolated to lower-resource settings, with significant restrictions in human resources, diagnostic capacity, and availability of obstetric interventions, however. The existing studies of perinatal mortality in LMICs have generally been limited in size (single or few institutions) and power (unable to consider stillbirth and early neonatal death as separate outcomes), [20] [21] [22] [23] despite accounting for 98% of the global burden. Previous large epidemiological surveys of perinatal deaths in LMICs have not captured data on maternal complications. 2, 24 Such studies are necessary to understand the epidemiological patterns of these conditions and their effect on perinatal mortality, and to prioritise interventions in low-resource settings. We described the prevalence and risks of macerated and fresh stillbirth and early neonatal death in women with severe medical and obstetric complications in 29 countries, using the WHO Multicountry Survey on Maternal and Newborn Health (WHOMCS) data set.
Methods

Survey methodology
The WHOMCS is a cross-sectional survey of deliveries at 359 participating institutions in 29 countries, conducted from May 2010 to December 2011, and included 314,692 women. This survey collected data on maternal deaths and 'near-miss' cases (women who experience severe complications of pregnancy or delivery, and who nearly die but survive), irrespective of gestational age and site of pregnancy. The methodological details of the WHOMCS have been described previously, 25, 26 building on the existing network from the WHO Global Survey. 27 In brief, a stratified, multistage cluster sampling approach was used to obtain a global sample of countries from Africa, Asia, Latin America, and the Middle East. Two randomly selected provinces and the capital city were sampled from within each country. From these, seven institutions with over 1000 deliveries per year and caesarean section capacity were randomly selected. Data were collected for 2 months in institutions with ≥6000 annual deliveries, and for 3 months in institutions with <6000 annual deliveries. In countries where less than 3000 annual deliveries were anticipated, the data collection period was extended to 4 months.
All women giving birth and all women with a severe maternal outcome (death or near miss) associated with pregnancy or childbirth in participating institutions during the data collection period were the study population (including women that had a severe maternal outcome as a result of an abortion or ectopic pregnancy). Data were captured on all eligible participants from presentation to the institution until discharge or day 7 postpartum, whichever came first. Consequently, adverse outcomes occurring before admission, after discharge/day 7, or during a postpartum referral were not captured. Trained data collectors reviewed medical records during the study period and used this to complete the data form at hospital discharge, transfer, or death. There was no contact between data collectors and the admitted women; however, data clarification was occasionally sought from institutional staff. Data were then entered onto a web-based data management system. In addition, an institutional data form was completed by the data collector in consultation with the head of the obstetrics department on facility characteristics, including infrastructure, obstetric and intensive care services, as well as their capacity to identify a range of laboratory, clinical, and management severity indicators for mothers and newborns.
Variables and definitions
We used three perinatal mortality outcomes: (1) macerated late fetal deaths; (2) fresh late fetal deaths; and (3) early neonatal deaths (definitions summarised in Appendix S1).
The tenth edition of the International Classification of Diseases (ICD-10) describes stillbirth as death prior to complete expulsion or extraction from the mother, indicated by the absence of any evidence of life. 28 The WHO recommends reporting on late fetal deaths, defined as stillbirths of birthweight ≥ 1000 g, or if birthweight is unknown stillbirths at ≥28 weeks of gestation, for international comparison. 29 When the timing of birth is not known, the absence of skin maceration ('fresh') in a fetus that died <12 hours before delivery is generally used as a proxy for intrapartum death. 2 This is an imprecise measure (delays in delivering an intrapartum stillbirth can cause maceration), and can underestimate the true number of intrapartum-related stillbirths 30 ; however, it is of practical use in resource-limited settings where fetal status at the onset of labour is often not known. The reference group for both was liveborn neonates with the same birthweight/gestational age restrictions. Early neonatal death was defined as a death occurring by day 7 postpartum or prior to discharge in a liveborn neonate (the reference group was liveborn neonates who were alive at discharge/day 7). This definition slightly underestimates the true early neonatal mortality, as deaths occurring after discharge or during a subsequent readmission were not captured. Gestational age was based on the best obstetric estimate: the method used was not recorded, but varied between institutions. We elected to use these three outcomes separately, as they have different (yet often overlap-ping) patterns of prevalence, risk factors, and causal pathways. Despite this, few multicountry studies of perinatal mortality in LMICs have considered these outcomes individually, potentially confounding the results. The exposure variables considered were 16 maternal antepartum and intrapartum complications (categorised as haemorrhage disorders, infections, hypertensive disorders, and other complications or diseases) available in the WHOMCS data set as part of the WHO maternal near-miss criteria (described in Appendix S2). Dystocia/prolonged labour was not captured in the WHOMCS and postpartum haemorrhage was not included for this analysis, as it is not temporally related to perinatal deaths.
Statistical analysis
We included all women (including those experiencing a severe maternal outcome) with singleton deliveries of ≥500 g or, if the birthweight was missing, at ≥22 weeks of gestation. Multiple pregnancies were excluded, as their underlying mortality risk is higher and they may be more susceptible to the effect of maternal complications, potentially distorting risk estimates. Amongst 308,392 singleton deliveries, there were 5462 late fetal deaths and 2528 early neonatal deaths ( Figure 1 ). We reported on the proportions of maternal, newborn, and delivery characteristics and conditions in perinatal mortality groups, and tested significance using chi-square tests. Rates of perinatal morbidity and mortality indicators were reported by country. As health facilities were the primary sampling unit of the WHOMCS, individual-level analyses may be affected by clustering. All estimates of association (chi-square tests) were corrected for the cluster effects (health facilities as sampling units, countries as strata) and P < 0.05 was regarded as significant.
To determine the relationship between maternal complications and perinatal mortality, we reported prevalences for the three outcome groups and calculated odds ratios. The complications as described in Appendix S2 were considered predictors in separate multilevel, multivariate logistic regression models of macerated and fresh late fetal death and early neonatal death. Using the GENLINMIXED procedure in SPSS 20, the model accounted for the clustering of mothers within facilities and facilities within countries, as well as adjusting for confounding factors at the maternal (maternal age, marital status, maternal education, number of previous births, and number of previous caesarean sections), perinatal (fetal presentation, congenital malformation, gestational age, and infant sex), and facility level (facility capacity index). The onset of labour and mode of delivery were not considered as confounding factors, as they lie in the causal pathway for several maternal conditions. Missing data were excluded from all modelling. We developed and applied a facility complexity index (FCI) to adjust for the level of services available in each facility, based on a similar index used in the WHO Global Survey. 31 The development and application of the FCI is described in Appendix S3. FCI scores were available for 295 facilities, and ranged from 12 to 57 points (only facilities with no missing data were included in the index).
Statistical analyses were conducted using SPSS 20.0.0. 32 The article was prepared in accordance with Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. 33 
Results
In these 308 392 singleton deliveries, the prevalence of late fetal death was 1.8% (64.8% were fresh) and early neonatal mortality was 0.8% ( Figure 1 ). There was a higher prevalence of maternal age >35 years, education of 0 or 1-5 years, more than previous births, male gender, non-cephalic presentation, induced labour, and vaginal delivery in pregnancies resulting in late fetal death (Table 1) . Comparatively, the early neonatal mortality group had a higher prevalence of mothers who were <20 years of age, without partners, with education of ≤9 years, with a history of more than one caesarean section, male gender, non-cephalic presentation, no labour, and delivery by caesarean section. Both late fetal and early neonatal deaths had a higher prevalence of low birthweight and preterm birth, and 72.9% of liveborn neonates that died were admitted to a neonatal intensive care unit (NICU; Table 2 ). Of early neonatal deaths, 67.1% had occurred by day 3 of life, and nearly 33% occurred on the first day ( Figure 2) . At the country level ( Table S2 . Hypertensive disorders were the most common (2.7%), followed by other complications/diseases (2.5%), haemorrhagic disorders (1.1%), and infective disorders (0.6%).
The prevalence of all maternal complications was significantly higher in macerated and fresh late fetal deaths and early neonatal deaths, except for placenta accreta/increta/ percreta (P = 0.071), influenza-like illness (P = 0.819), and coincidental conditions (P = 0.457) in macerated late fetal deaths, pyelonephritis (P = 0.581) and coincidental conditions (P = 0.149) in fresh late fetal deaths, and influenza-like illness (P = 0.801) in early neonatal deaths (Tables 3 and 4 ). Figure 3 shows the prevalence of categories of maternal complications in perinatal mortality groups: only 14.4% of macerated late fetal deaths; 13.5% of fresh late fetal deaths; and 11.4% of early neonatal deaths did not have a maternal complication present. The risks of macer- 
Discussion
Main findings
We conducted an analysis of the relationship between 16 maternal complications and perinatal mortality in 308 392 singleton deliveries at facilities in 29 countries, the largest such analysis conducted using consistent definitions of 
Strengths and limitations
This analysis had several strengths. The WHOMCS was conducted in 29 countries, using trained data collectors and a standardised methodology that was refined from our experiences with the previous WHO global survey. We used a validated tool developed through an international collaborative process to assess maternal complications consistently. 34 To the best of our knowledge, it is the biggest international data set linking maternal complications with late fetal and early neonatal deaths. Some limitations must be acknowledged, however. We lacked information on sev- eral variables known to contribute to fetal and neonatal mortality, such as diabetes, obesity, malnutrition, syphilis, smoking, length and difficulty of labour, and birth spacing. We were therefore unable to include obstructed labour as a maternal complication, despite its contribution to intrapartum-related stillbirths and early neonatal deaths. The temporality and severity of maternal complications was also not known. As the primary data source was routine medical records, erroneous or absent documentation of complications in the records could have affected data quality, diluting risk estimates; however, we believe this bias was minimised as much as possible by training provisions prior to the commencement of the study (building on our experiences in the WHO global survey) and by data collectors consulting with clinical staff to complement the information obtained from the records, where necessary. The facility-based sampling frame may have led to an over-representation of maternal complications and perinatal deaths, as more complicated cases are referred to these facilities. Similarly, the focus of the survey was on women experiencing severe maternal morbidity and mortality, who are more likely to experience adverse perinatal outcomes. Whereas we have reported on perinatal indicators at the country level to benefit national efforts, our data are not representative of the population and can only be extrapolated to similar settings. As data collection was only conducted for the duration of the admission, we acknowledge that perinatal deaths occurring in the community or post-discharge were not captured by this survey.
Interpretation
Aside from a few lower-income countries with a lower proportion of fresh late fetal deaths (such as Sri Lanka, 39.0%, and Kenya, 49.6%), we were surprised that the proportion of intrapartum-related stillbirths was so high when all participating facilities had the capacity to perform caesarean section: many (if not most) of these fresh stillbirths should have been preventable. Several factors may explain this pattern. Our research group previously reported that coverage of essential maternal interventions (such as uterotonics for the prevention and management of postpartum haemorrhage, magnesium sulfate for eclampsia, and intravenous antibiotics for maternal infections) in the WHOMCS data set was generally high, yet care performance and rates of adverse maternal outcomes were variable between countries. 26 We hypothesised that aspects of obstetric care other than coverage of essential interventions alone, such as delays or obstacles in implementation, or a lack of comprehensive supportive care (such as shock management in postpartum haemorrhage), are equally important to maternal survival. Similarly, although the availability of caesarean section is critical to prevent intrapartum-related stillbirths and early neonatal deaths, so is the early identification of at-risk pregnancies, close supervision during labour, timely access to safe caesarean section, and appropriate postpartum care for mother and baby. The very low late fetal death rates in Vietnam, China, and Paraguay are likely to represent outliers, but the misclassification or under-documentation of stillbirths in some settings may be a factor. Similarly, Vietnam, Thailand, and Afghanistan had very low rates of early neonatal deaththis could be related to early neonatal deaths occurring at home post-discharge, which may be increased if women are discharged very soon after delivery. The high rate of low Apgar scores (57.6%) amongst early neonatal deaths is suggestive of the contribution of prolonged labour; however, we lacked data on difficulties during labour and were therefore unable to estimate its impact. Whereas only 7% of women in the WHOMCS had a potentially life-threatening complication, 26 85.6% of macerated late fetal deaths, 86.5% of fresh late fetal deaths, and 88.6% of early neonatal deaths occurred in the presence of at least one of these complications. Although our sampling frame was based on larger facilities (and therefore was likely to have an over-representation of complicated pregnancies), this is significantly higher than the 50, 75, and 80% reported by Lawn et al. in a South African perinatal audit data set. 13 This implies that the continuum between maternal complications and perinatal mortality in facility deliveries is more important than previously thought. The early identification of these complications could permit prevention of a greater proportion of perinatal deaths. Although the risk of all types of perinatal mortality in women with complications was consistently high (for placental abruption, ruptured uterus, other systemic infections/sepsis, pre-eclampsia, eclampsia, and severe anaemia), combining information on prevalence and risks (Figures 4-6 ) implicates pre-eclampsia and severe anaemia as important targets for action. These conditions can be identified in the antenatal period, highlighting the need for improving the continuum of care between community-based antenatal identification of maternal complications and managing these at-risk deliveries and neonates in facilities to prevent perinatal deaths.
Conclusion
The majority of late fetal deaths in deliveries at the participating facilities with access to caesarean section were fresh (i.e. likely to occur in the intrapartum period). Preventing intrapartum-related perinatal deaths goes beyond the provision of caesarean section, requiring a comprehensive approach including the early identification of at-risk pregnancies and universal access to safe, timely caesarean section. The vast majority of perinatal deaths occur in women with a medical or obstetric complication: the early identification and management of these women could yield benefits for improving maternal outcomes, but could also reduce perinatal mortality rates. Maternal complications that can be detected and managed during the antenatal period (such as pre-eclampsia and severe anaemia) are of moderate prevalence and also moderately increase the risks of all types of perinatal mortality. Improving the continuum of care between community-based antenatal identification of maternal complications and managing these at-risk deliveries and neonates in facilities is essential in preventing perinatal deaths.
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